This study explores ways to increase comfort in Virtual Reality by minimizing cybersickness. Cybersickness is related to classical motion sickness and causes unwanted symptoms when using immersive technologies. We developed a dial interface to accurately capture momentary user cybersickness and feed this information back to the user. Using a seated VR roller coaster environment, we found that the dial is significantly positively correlated with postimmersion questionnaires and is a valid tool compared to verbal rating approaches.
INTRODUCTION
Since cybersickness significantly degrades the VR experience, understanding what characteristics and components of VR technology affect this condition is required in order to find ways to reduce it. However, in order to be able to accurately study cybersickness adequate methods to measure it during the use of the VR equipment need to be developed. In particular, measurement methods need to be accurate as well as keeping the interference with the actual Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). VRST '19, November 12-15, 2019 , Parramatta, NSW, Australia © 2019 Copyright held by the owner/author(s). ACM ISBN 978-1-4503-7001-1/19/11. https://doi.org/10. 1145/3359996.3364259 VR task that users perform at a minimum. Therefore, in this paper we propose an accurate and standardized in situ measurement tool that can easily be used during a VR experience, and provide details on how we have evaluated it.
Due to the nature of cybersickness, measuring an accurate level of the symptoms is challenging. Firstly, there is a huge variety of individual differences that impact cybersickness levels, including gender, age, underlying anxiety levels, and individual physiology [Davis et al. [n.d.] ]. Secondly, a majority of users show habituation to the technology after repeated exposures. This habituation results in a reduction in cybersickness [Howarth and Hodder 2008] . Lastly, subjectively reported levels of cybersickness can be confounded, for example by demand characteristics, which are cues participants receive, sometimes unknowingly. They manipulate participants responses, leading to biased results. An unintentional cue would be experimenters asking users about nausea in pre-immersion questionnaires. This questioning may be "priming" the user to feel and report higher levels of nausea when questioned post-immersion [Young et al. 2007 ]. Evidence of this can be found in a study using the well-known Simulator Sickness Questionnaire (SSQ) by Kennedy et al. [Kennedy et al. 1993 ]. When the SSQ was used before and after immersion, there were significantly higher ratings in post-immersion questionnaire scores than scores in a single use post-immersion condition [Young et al. 2007] .
The aim of our study presented here was to investigate and validate a strategy to capture an accurate measure of cybersickness. We used a physical dial for subjects to continuously measure and report the level of cybersickness, and evaluated this against a verbal-rating condition. In this paper, we compare two cybersickness measurement tools, a physical dial and the verbal Fast Motion Sickness (FMS) scale developed by Keshavarz & Hecht [Keshavarz and Hecht 2011] . We found that the physical dial significantly positively correlates with post-immersion questionnaire scores.
RELATED WORK
Questionnaires are techniques used to capture self-rated measures of cybersickness. They tap into the user's consciously experienced cybersickness, usually immediately after they have used VR. The most popular questionnaire used is the SSQ [Bockelman and Lingum [n.d.] ]. A recent study refined the SSQ through a factorial analysis to capture sickness in VR as opposed to simulators in general. They reduced the factors from sixteen to ten and removed the Nausea sub-group, leaving only the oculomotor and disorientation subgroups. They found their VR Sickness Questionnaire (VRSQ) scores highly correlated with the SSQ scores [Kim et al. 2018] . Another researcher found the use of SSQ in VR game contexts inappropriate and provided an alternative coding of the questionnaire answers to provide the Cybersickness Questionnaire (CSQ) [Stone III 2017] . After a factorial analysis the research found that two categories of factors matched the data set: difficulty focusing and dizziness. A strength of the CSQ is that it was developed with VR technology in an academic setting using a variety of VR game content. The three VR game conditions varied in the type of vection experienced by the user. However, a drawback from the questionnaire approaches is that they measure the cybersickness after the VR immersion and take some time to be administered.
A study by Keshavarz & Hecht [Keshavarz and Hecht 2011] validated a self-rating tool to measure motion sickness called the FMS (Fast Motion sickness Scale). The FMS asks the participant to rate their experienced sickness every minute, on a scale from 0-20. The maximum FMS scores during the experiment showed strong correlations with post-immersion SSQ scores. Participants were watching a pre-recorded car ride on a projector, but the authors state that their measuring tool is applicable to all types of motion sickness, including cybersickness [Keshavarz and Hecht 2011] . Strengths of the FMS are that it is easy to administer and gives the ability to collect measurements throughout motion. For the FMS measurement technique, a verbal response method was used. Other alternative response measures may allow the user to more easily translate their cybersickness experience to a response. Verbal response methods, for example, have been shown to be less sensitive when compared to hand action responses when measuring geographical tilts of hills [Proffitt et al. 1995 ].
METHODS
In this section, we describe the experiment that we conducted to investigate cybersickness measurement. The participant experienced a virtual roller coaster and reported their level of cybersickness using our physical dial interface or verbally using the FMS.
Participants
Before recruiting participants, we determined that between 30-40 participants would be required to run an appropriately powered experiment based on sample sizes and statistical effect sizes of similar and related studies [Bruck and Watters 2011; Dennison et al. 2016; Lin et al. [n.d.] ]. Thirty six participants were recruited through the University's social network pages, and consisted of 16 males and 20 females (age M = 26.1, SD = 7.18). Participants said they had used Head-Mounted Displays (HMDs) 'a few times' (n = 21), 'not at all' (n = 13) or 'used HMDs weekly' (n = 2). Subjects were randomly assigned to one of two measurement conditions (verbal FMS (n = 18) or physical dial (n = 18)). All participants were able to complete the experiment. The stimuli were administered with the approval of the University's Human Ethics Committee.
Study Design
We used a between-subjects design with one independent variable, rating type (physical dial or verbal FMS). Participants were randomly assigned to a group.
We evaluated the following research hypotheses: H 1 Using the dial, ratings will be more highly correlated with post-immersion SSQ scores than the verbal FMS ratings. H 2 Using a dial will have a deeper sense of presence than using verbal FMS to rate cybersickness.
Material
Participants used the HTC Vive HMD, providing a resolution of 1080 x 1200 pixels (per eye), a refresh rate of 90 Hz and field of view of 110 degrees. Participants wore headphones which provided audio. The VR roller coaster was created using Unity (version 2017.1) on an Alienware P31E laptop equipped with an Intel i7-6700HQ CPU @ 2.6GHz and an Nvidia GeForce GTX 1070 GPU. Participants sat in a four-legged padded leather chair that had arm rests. Participants in both conditions sat in front of a desk. The physical dial used was the Surface Dial by Microsoft 1 (Figure  1 , Left). The Bluetooth-connected Surface Dial provided oscillating vibration as feedback when it was turned left or right, and these actions were recorded with corresponding timestamps to a CSV file. If the dial was turned or pressed down, the cybersickness numerical rating would appear in the carriage of the roller coaster (Figure 1 , Right). The rating was positioned below the direct line of sight and was visible for three seconds following interaction with the dial. If turned clockwise, the number would increase (to a maximum of 20) and if anti-clockwise, it would decrease (to a minimum of 0).
This interface allowed the user to perceive the consequence of their turning action and to interpret changes made to the system [DA. 1986; Sutcliffe and Kaur 2000] . The rating interface was not added to the verbal condition as this was replicating the FMS technique in [Keshavarz and Hecht 2011] .
Measurements
3.4.1 Cybersickness Ratings During VR Immersion . In the experiment, participants gave a rating of their cybersickness on a scale from 0-20 every minute. A visual prompt appeared in the VR every minute which read "Please give your sickness a rating between 0-20". Both the dial and verbal FMS conditions received this prompt. Participants gave this rating using the physical dial that was on the desk in front of them, or verbally with the FMS, which was then recorded by the experimenter.
3.4.2 Questionnaires After VR Immersion. Immediately after completing the VR roller coaster experience, participants completed the SSQ and Presence questionnaires.
Procedures
Participants were explained the health and safety risks of the VR and given an information sheet to read and a consent from to read and sign. Participants were then read a script by the experimenter giving a brief explanation of cybersickness and asking them to focus on their head, eyes and stomach symptoms when giving a rating of their cybersickness. The experimenter described the scale as 0 being no cybersickness and 20 being the point where the driver would have to pull over to the side of the road if they were equivalently motion sick in a car.
Participants in both conditions were asked to give a rating when they saw a visual prompt within the roller coaster VR. The experiment consisted of five laps of the roller coaster which immersed the participant for a total of five minutes and 50 seconds. Participants in the physical dial condition turned the dial left or right to change their cybersickness rating.Participants in the verbal FMS condition gave their cybersickness rating verbally and it was recorded by the experimenter. Participants then completed post-immersion questionnaires.
RESULTS
Unsurprisingly, in both measuring conditions (physical dial and verbal FMS) cybersickness ratings increased as the duration of VR increased. The mean verbal FMS rating increased from 0 up to 6, the mean physical dial condition increased from 0 to 5.5. In both conditions there was a reduction in the rise of cybersickness rating from two to four minutes, as shown in Figure 2 . We conducted medium splits on both the physical dial and the verbal FMS data sets. The time plot showing median split groups of both measurement types can be seen in Figure 3 . Those grouped into the higher susceptibility scores had a large increase in ratings for two minutes of immersion, differing from the lower susceptibility scores during this time. After the two minutes of immersion, the higher susceptibility group's gradient was similar than the lower susceptibility group's in both data sets. Those in the higher susceptibility score group of the physical dial showed a continued increase in cybersickness ratings, whereas those in the higher susceptibility score group of the verbal FMS group did not show an increase in ratings after three minutes of immersion.
The peak cybersickness scores in both the physical dial and verbal FMS and post-immersion SSQ and CSQ scores were analyzed. Pearson r and corresponding p values were calculated. These calculated bi-variate correlations between the physical dial and post-immersion scores and the verbal FMS and post-immersion scores are shown in Table 1 .
All post-immersion scores were highly correlated with the physical dial peak rating (p < 0.01), apart from the CSQ -difficulty focusing condition. Only the SSQ Total Score and the SSQ Nausea subscale scores were correlated with the peak FMS rating (p < 0.05).
Using the Fisher r -to-z transformation we calculated z values to examine the difference between significant correlations. The difference between the correlations of the physical dial compared to the verbal FMS did not reach significance.
Presence scores [Witmer and Singer 1998] for the Physical dial and the Verbal FMS conditions were similar (90.278 and 89.500 respectively). Figure 4 -Left shows a scatter plot of the post-immersion SSQ Total Score and the peak Physical Dial Cybersickness Score. Figure 4 -Right shows a scatter plot of the post-immersion SSQ Total Score with the Verbal FMS Cybersickness Score.
DISCUSSION
In this study, we tested the viability of using a physical dial in VR for recording cybersickness levels. We validated the dial as an accurate measuring tool for capturing cybersickness levels during a VR roller coaster experience. We sought to further investigate the verbal FMS measurement tool developed by Keshavarz & Hecht [Keshavarz and Hecht 2011] . They used a projector to display a car doing a lap of a racetrack from the viewpoint of the passenger seat. In our study, we used a simulated roller-coaster in VR displayed in an HTC Vive HMD. We found a lower correlation of the verbal FMS rating than in their study including the SSQ Total Score (r = 0.569 lowered from r = 0.785). This reduction could be due to increased immersion into the virtual world with the VR HMD technology. Less effective verbal communication could be explained by an increased disconnect with the real world. We found a higher correlation in the physical dial condition and all questionnaire scores, the SSQ total score having the highest correlation of r = 0.735 (p < 0.01). There was no impact on presence scores from the type of cybersickness measurement tool used.
A limitation of this study was the use of the SSQ to calculate scores as baseline for the measurement of cybersickness. The SSQ has become the most popular way of measuring cybersickness in VR despite being developed for a specific sub-group of the population (military personnel) using simulator technology 23 years ago [Rebenitsch and Owen 2016] . We saw an opportunity to use a more appropriate method for measuring questionnaire answers through re-scoring of SSQ questions to produce Cybersickness-Dizziness and Cybersickness-Difficulty-Focusing scores created by Stone [Stone III 2017] . Our study found a significant correlation in only the physical dial condition with the CSQ-Dizziness score.
A second limitation of this study is the possible bias introduced by demand characteristics. A visual prompt came up every minute within the VR session, saying "Please give your sickness a rating between 0-20". This was a modification to the original FMS developed by [Keshavarz and Hecht 2011] in which the participants were verbally asked directly by the experimenter. Participants may have performed to the demand characteristic of uniformity in their cybersickness ratings, in both physical dial and verbal FMS conditions, with their post-condition SSQ questionnaire ratings. Also, the multiple exposures to the word "sickness" could have priming effects in manipulating the experienced levels of the sickness. As shown by Young, Adelstein and Ellis [Young et al. 2007] , the demand characteristics of taking an SSQ before a VR experience significantly increases post-immersion SSQ scores. This is a strong justification for firstly not giving pre-immersion SSQ (and we did not), and also the inherent subjective nature of cybersickness.
Another limitation was the limited amount of statistical analysis that could be done on the significance of the difference between the two measuring techniques (physical dial and verbal FMS). This was partly due to the limited significance in correlation with post-SSQ and CSQ scores and the verbal FMS rating. Also, we had a smaller number of participants (n = 36 vs. the initial FMS study with n = 126) [Keshavarz and Hecht 2011] . As a result, we cannot say, statistically speaking, that the physical dial is a superior measure of cybersickness than the verbal FMS measure. The measuring technique type also did not impact presence scores. Despite this, the physical dial showed significant correlations with SSQ scores and CSQ-Dizziness scores.
This study provides evidence for changing the methodology of measuring cybersickness. We have validated the physical dial as a measurement of cybersickness. It allows continuous measurement of cybersickness during VR immersion. If this approach is widely used across research, it could allow measurement to be standardized and valuable comparisons to be made across VR contexts. For example, a new VR game or training simulator could be tested using the physical dial and the rating could then be contextualized with previous data to define how cybersickness inducing it is, using a temporally-synchronized method.
The physical dial could be a product that helps users habituate to VR in a comfortable manner, thus reducing the cognitive load on new users to the technology. They would not have to be concerned with when to break the VR experience, but simply with the action of turning the dial if there is a change in their cybersickness level.
CONCLUSION
The motivation for this study was to increase usability and minimize cybersickness in VR. We aimed to achieve this by developing an easy-to-use measurement tool to accurately capture cybersickness levels. Standardization of a this tool would allow comparison and accumulation of cybersickness measurements across VR contexts. We see this as a step to further clarifying the relationship of factors causing cybersickness.
Our main findings from the experiment were that the physical dial measurement of cybersickness significantly correlates positively to post-exposure SSQ and CSQ-Dizziness scores. Second, the physical dial had more significant correlations with post-exposure questionnaires than the Verbal FMS. The key contribution of this study is the evidence of the physical dial being an appropriate measuring tool for cybersickness during VR experiences.
In further research, it would be interesting to see how removing the visual representation of the cybersickness rating would effect accuracy. Also, the placement of the dial on the user's person would allow the physical dial to be used in standing and action VR content. Future research could develop a hardware dial that has optimum accessibility and least disruption to the VR experience.
